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ABSTRACT 
The McDonald Lunar Laser Station measured about 125 
lunar range measurements between 12 February and 9 June, 1975. 
Preparations continued for a changeover to upgraded timing 
and guiding systems. 
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I. SYSTEM RANGING OPERATIONS 
Summary: The following report covers the activities 
of the McDonald Lunar Laser Ranging Station during period 
between 12 February and 9 June, 1975. The ranging activities 
of the four lunations are summarized in Table I and described 
in more detail in the daily log-sheets contained in Appendix A. 
As you can see, the Spring months were reasonably successful. 
On the positive side of the ledger we have: a) a goodly 
number of acquisitions with a 79% success rate; b) the high-
est signal levels for a four lunation period since the summer 
of 1973; c) good signal levels on the Lunar 21 corner 
reflector despite the fact that it is only computer guided; 
and d) reasonably good coverage relative to the sun angle. 
On the other side of the ledger we note that: a) the Loran-
e receiver was lost for two of these lunations leading to 
higher clock uncertainties than usual; b) little development 
work was accomplished due to outside pressures on the 
personnel time; and c) we have a report from the data reduction 
group that the February - March data was particularily noisy, 
with a spread in returns well above that expected on the basis 
of our laser pulse width. 
TABLE I 
LRRR # ATTEMPTS # SHOTS # RETURNS # RANGES Aver. PEl 
sig. shot 
11 24 4912 73 11 .015 
14 23 4832 108 13 .022 
15 101 20474 950 94 .046 
17 4 925 3? I? .003? 
21 9 2001 75 7 .037 
all 
LRRR 161 33144 1209 126 .036 
Success ratio: 78% 
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Comments: The generally good signal levels obtained 
during these four lunations were particularly encouraging 
after several slower months during the winter of 74-75. 
Two aspects of this area deserved particular attention. 
The nearly record signals on the Apollo 14 corner reflector 
on April 20 are the latest in a list of empirical demonstra-
tions that the lunar corners have undergone little, if any, 
degradation during their stay on the surface. The excellent 
signals obtained for seven runs on the Lunar 21 corner 
reflector are another heartwarming sign. Since a Lunar 21 
reflector is only worked by computer driving the telescope 
onto the dark side of the lunar disk, it is particularly 
note worthy that the signals on the Lunar 21 corner are, 
infact, higher than the signals on Apollo 11 or 14. This 
is a good indication that the telescope drive system is 
operating extremely well. Another indication of the accuracy 
of the drives is the particularly long and successful 
computer drive on June 5th. Since it is much easier to de-
sign a guiding system which will give total monthly coverage 
if we can rely on these computer offsets, their success rate 
during the last couple of lunations is very important to our 
system upgrade efforts. 
With the exception of the February - March data the quality 
of the observations seems to be reasonably good. The single 
shot uncertainty is somewhat larger than we would like, averaging 
approximately ~ 2 nanoseconds, but the sheer number of photon 
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returns on many of the runs makes up for the larger pulse 
width in the normal point. The temporary loss of the Loran 
C receiver will, of course, downgrade some of the observations 
somewhat; but, the large amount of high quality calibration 
data for the last three lunations should indicate that these 
normal points will be relatively free of anomalies. 
The last quarterly report commented on our inability 
to successfully complete an all-day laser run, despite 
excellent conditions. We now believe that the reason for 
that discouraging episode was a couple of broken mirror 
supports in the 107". This caused, at least in some 
orientations, an unusual amount of astigmatism. Since the 
retroreturns from the spider are not of uniform intensity, 
the observer can be biased in his guide position if they do 
not coincide. Thus, we were probably firing at the wrong 
place and did not, under excellent seeing conditions, have 
enough divergence to compensate for the guide bias. 
• 
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II. DATA REDUCTION NOTES 
Clock Uncertainties: The Loran-C receiver was at the 
factory for repairs during the entire March - April and April -
May lunations. During that period we were forced to monitor 
our clock epoch using W W V from Boulder, Colorado and monitor 
our clock frequency with V L F transmissions from the Canal 
Zone. Since our automatic clock reduction programs are only 
setup for the Loran-C receiver, it was necessary to hand·re-
duce the data cards. The latter may, in itself, cause a 
problem compared with the automatic handling of the Loran-C 
information. In the absence of any mistakes, we would esti-
mate that the frequency information contained on the data 
cards is accurate to one part in 10 10 and the epoch information 
is uncertain by approximately + 200 microseconds. This will, 
unfortunately, cause our off-meridan observations to have 
consistently less accuracy during the period affected. The 
Loran-C receiver was reactivated during the May - June 
lunation returning us to our normal and much more accurate 
means of clock monitering. 
Anomalous Single Shot Uncertainty: It has been reported 
both by P. Shelus (private communication) as well as 
J. Williams (letter of 21 May) that the data does not seem 
as accurate as reported. After only having a few days to 
think on this problem, my preliminary guesses are the 
following: a) the pulse shape changes in the laser on a 
run to run basis cause an apparent calibration change which 
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is not mapped by the daily constants or b) the jitter 
or subharmonics in our clock pulses cause more uncertainty 
in our 2.5 sec lunar ranges than the 2 foot calibration 
range. We will attempt to uncover the reason for the pro-
blem, but have little stomach for any major changes this 
close to the installation of the new timing electronics. 
In the meantime, I suggest that P. Shelus assign an 
uncertainty to the normal points which is empirically de-
termined from the standard deviation in the individual 
returns. 
.. 
.. 
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III. OTHER ACTIVITIES 
Travel: The principal scientist had an unusual amount 
of travel during the report period, primarily for the purpose 
of consulting with outside investigators. The main trips 
are as follows: 
1) Washington, D. C., for the February Lure Team Meeting; 
2) Washington, D. C., to deliver a talk at the Annual Meeting 
of the American Congress on Surveying and Mapping; 
3) San Francisco and Los Angeles, to consult with potential 
sub-contractors for the construction of the Mobile Ltinar 
Laser Station; 
4) Hawaii, to try to help during their early acquisition 
efforts with the l6-inch transmitter/receiver; and 
5) Washington, D. C. for three weeks, to discuss a validation 
phase for the Lunar Laser Ranging technique with personnel 
at NASA Headquarters. 
R&D: The unusual amount ~f travel during the report 
period greatly slowed progress in the area of the McDonald 
upgrade. This is particularily apparent in the detector 
technology which is handled personaly by the principal 
scientist. Unwilling to take a chance on major system'modi-
fications while the principal scientist is not present, the 
progress in this area was limited to a few preliminary items 
of the following nature. 
1) An additional 4-K memory increment was added to the Varian 
computer to allow enough storage space to permit the real-
-8-
time handling of the television guiding system. 
2) The computer edge guiding program was installed in this 
additional 4-K increment and basically de-bugged (al-
though not yet verified on the lunar surface). 
3) The upgraded timing system finally arrived from the 
manufacturer. We have started building the interface 
hardware necessary to include the timing module in 
our system. It is hoped, at this point, to install 
this new timing system during August new-moon period. 
4) A preamplifier was installed in the photomultiplier 
base in an attempt to use a lower gain, high efficiency 
photomultiplier tube. The attempt was unsuccessful 
due to the fact that the power supply to operate the 
preamplifier appeared to add considerable RF noise to 
the system and prevented the operation of the feed - back 
calibration. The system was restored to its normal 
operating mode to await some period when we can devote 
several weeks to further reduction of the RF interference. 
Publications: The following two papers were published 
during this reporting period. 
THE APPLICATION OF LUNAR LASER RANGING TO GEODESY, with G. 
Loumos, J. F. Mulholland and P. J . She1us in Proceedings 
of the American Congress on Surveying and Mapping, Washington, 
D.C., March, 1975. Page 138 
ELECTROSTATIC DUST TRANSPORT AND ITS CONSEQUENCES FOR THE 
LUNAR RANGING EXPERIMENT, University of Texas, McDonald Ob-
• 
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servatory, Research Memorandum in Astronomy #75-003, March, 
1975. In addition, the abstract on the following page was 
sent to the lAG for presentation at the International Meet-
ing in Grenoble during August. 
Long Baseline Geodesy Using a Mobile 
Lunar Laser Station 
by 
Eric C. Silverberg 
The University of Texas, 
McDonald Observatory 
Fort Davis, Texas USA 
The NASA sponsored McDonald Observatory lunar 
laser station has now completed nearly six years of 
successful ranging. The available data has resulted 
in large improvements in lunar theory to the point 
where the moon may now be used to infer accurate 
geodetic positions. A transportable lunar laser 
station is now under consideration. This station 
would be expected to achieve 3cm ranging accuracy 
using a mode-locked neodymium laser and a 0.8 meter 
transmitting-receiving aperture . It would be driven 
from site ,to site for approximately month long 
observing campaign~. Modeling studies indicate that 
the diurnal and monthly signatures permit the rela-
tive geocentric position of each site to be deter-
mined to a few cm in all three coordinates. The 
observing sites will be carefully selected so that 
a limited number may satisfy many goals including: 
intercomparison with other techniques; long baseline 
geodetic control; and the measurements of intra or 
inter continental plate motions. 
APPENDIX A 
The McDonald Lunar Laser Operations Log 
from 
16 February, 1975 to 6 June, 1975 
STATION LOG FEBRUARY 1975 
DATE DAY (GMT) TIME NO. OF SHOTS RETURNS WEATHER SEEING COMMENTS 
Feb. 16 47 20:00 23:00 clouds cancelled clds. 
Feb. 17 48-49 20:30 02:30 wind cancelled wind 
Feb. 18 49 21:30 clear 8-10 cancelled seeing 
50 00:30 203/3 0/3 clear 3-4 pmt problems amp. IC blown 
140/0 0/0 " " " " " " " 
03:30 " 6 - 8 cancelled seeing 
Feb. 19 50 22:30 " 6-8 " " bad image mot. 
51 00:30 387/3 3/3 " 2-3 
03:30 1 96/2 0/2 " 3 
209/1 0/1 " " 
Feb. 20 51 23:30 3-4 PMT problems 
52 02:30 !I 3-4 timing problems 
03:45 437/3 9/3 cirrus 3-4 PMT 3000v g=2 int=lO disc.4.2C 
227/1 0/1 " " 
Feb. 21 53 00:30-06:30 clouds canc. 
Feb. 22 54 01:30-07:30 " " 
Feb. 23 55 02:15 383/3 12/3 clear 4-5 4 (50) nano stops 
04:45 172/3 9/3 " " 
24 07:30 " 6-8 windy bad seeing cancelled 
Feb. 24 56 03:15 338/3 13/3 clear 3 disc. to 4.80 
25 06:00 331/3 9/3 " 4-6 
08:30 202/3 9/3 " 3 
Feb. 25 57 04:00 clouds 3 cancelled clds. 
26 06:30 200/3 8/3 cirrus 3 
315/2 0/2 " " 
10:00 clouds cancelled 
~ 
STATION LOG FEBRUARY 1975 
DATE DAY (GMT) TIME NO. OF SHOTS RETURNS WEATHER SEEING COMMENTS 
Feb. 27 58 05:00-11:00 cirrus 6-8 cancelled seeing cirrus 
Feb. 28 59 06:00 cirrus cancelled 
08:00 247/3 11/3 clear 2-3 no computer drives 1800 down 
12:00 340/3 10/3 " 3 
304/0 0/0 " " computer drives bad file err. 
Mar. 1 60 07:00 193/0 3/0 clear 1-4 
83/3 7/3 " " 
144/0 5/0 " 
10:00 325/3 5/3 " 3 
140/3 4/3 " " blew f1ash1amp 
Mar. 2 61 08:00 224/3 7/3 " 1-2 
183/0 5/0 " " 
11:00 443/3 12/3 " 2 some image wobble 
13:00 301/3 11/3 " 3 
Mar. 3 62 09:00 182/3 9/3 clear 3-5 image motion 
306/4 6/4 " " " " 
12:00 135/3 9/3 " 3-4 " " 
268/0 0/0 " " " " 
256/2 0/2 " " " " 
14:15 272/3 7/3 " 3-5 " " 
Mar. 4 63 09:30-15:00 clouds cancelled 
Mar. 5 64 10:30 316/3 6/3 clear 3-4 
13:00 181/3 9/3 " " 
275/2 0/2 " " 
14:30 263/3 10/3 clear " 
Mar. 6 65 12:00 30/3 0/3 " " 
263/2 6/2 " " 
STATION LOG FEBRUARY 1975 
DATE DAY (GMT) TIME NO. OF SHOTS RETURNS WEATHER SEEING 
Mar. 6 65 
Mar. 7 66 
Mar. 8 67 
12:00 
15:00 
17:00 
12:30 
14:00-16:00 
12:00 
15:00-17:00 
ATTEMPTS 
6/0 
3/1 
6/2 
25/3 
1/4 
325/3 
285/2 
202/1 
----------------
3/ 3 
0/ 2 
clear 3-4 
clear 
" 
cloudy 
" 
0/ 1 cirrus 3 
clouds 
SUCCESSFUL MEASUREMENTS 
3/0 
0/ 1 
1/2 
22/3 
1/4 
" 
COMMENTS 
cancelled poor contrast 
canc. disc. to 5.0 
cancelled 
cancelled 
.. 
STATION LOG MARCH 1975 
DATE DAY (GMT) TIME NO. OF SHOTS RETURNS WEATHER SEEING COMMENTS 
March 17 76 19:30-01:30 clear cancelled wind elec. off 
March 18 77 20:30 103/0 0/0 clear 4-5 stopped dome troble 
23:30 369/0 7/0 clear 3 
223/3 0/0 clear 3 
78 02:30 260/0 0/0 clear 2 
March 19 78 21:30 clouds cancelled 
79 00:30 clouds cancelled 
03:30 160/0 0/0 cirrus 4 
March 20 79 22:30 clouds cancelled 
80 01:30 229/3 15/3 clear 2 
302/0 0/0 clear 2 
04:30 200/3 10/3 cirrus 2 
190/0 0/0 cirrus 2 
March 21 81 23:30 clouds cancelled 
02:30 clouds cancelled 
04:45 177/3 10/3 cirrus 2-3 stopped by clouds 
March 22 82 00:10 297/3 12/3 cirrus 3 astig. fixed in 107" 
03:00-06:00 clouds cancelled 
March 23 83 01:00 clear cancelled high wind 
04:00-07:00 clear 8-10 cancelled seeing 
March 24 84 02:00 255/3 15/3 clear 2 start cable not hooked 
up on first III shots 
March 25 8~ 05:00 136/3 8/3 clear 2 
255/3 5/0 
08:00 137/3 10/3 
330/2 0/2 
March 25 85 03:00 133/3 4/3 cloudy 2 stopped by clouds 
06:00 44/3 0/3 ptly. cldyJ 4 
09:00 264/3 11/3 clear 4 
March 26 86 04:00 284/3 6/3 clear 3-4 wind bad img. motion 
March 27 07:00 225/3 10/3 clear 3-5 high wind bad img. motion 
10:00 clear high west wind 40-52 mph 
87 04:00 clear 6-7 used for camera testing 
March 28 07:30 142/3 9/3 clear 4-5 
274/0 0/0 clear 4 
10:30 230/3 10/3 clear 4 
March 29 88 05:30 cloudy cloudy foggy 
08:30 cloudy 
11:30 cloudy 
March 30 89 06:30 pt1y. cldy. 6-8 cancelled seeing clouds 
Date DAY (GMT) 
March 30 89 
March 31 90 
April 1 91 
April 2 92 
April 3 93 
April 4 94 
April 5 95 
April 6 96 
TIME 
09:30-1200 
07:30 
10:30 
12:30 
08:30 
11:30 
13:30 
09:30-14:30 
10:00 
13:00-16:00 
11:00-17:00 
12:00 
15:00 
12:00-18:00 
ATTEMPTS 
8/G 
0/1 
3/2 
22/3 
1/4 
STATION LOG MARCH 1975 
NO. OF SHOTS 
188/3 
95/3 
379/2 
188/3 
186/3 
320/2 
174/4 
294/3 
90/3 
46/3 
RETURNS WEATHER SEEING 
10/3 
9/3 
5/2 
13/3 
12/3 
0/2 
0/4 
8/3 
18/3 
cloudy 
clear 3- 4 
cloudy 
clear 3 
clear 3 
cirrus 3 
clear 3 
3 
3 
clear 5-7 
clear 6-8 
clear 2 
cloudy 
cloudy 
cloudy 
ptly. cldy. 3 
cloudy 
SUCCESSFUL MEASUREMENTS 
2/0 
0/1 
?/2 
19/3 
0/4 
COMMENTS 
cancelled 
bad img. motion 
cancelled clouds 
bad img. motion 
bad img. motion 
img. motion 
bad img. motion 
cancelled ,iSeeing 
cancelled clouds 
cancelled clouds 
canceeled clouds 
telephone problem cance. 
cancelled clouds 
• 
STATION LOG APRIL 1975 
DATE DAY (GMT) TIME NO. OF SHOTS RETURNS WEATHER SEEING COMMENTS 
Apr. 14 104 19:00 22:15 clear 5-7 4-6 cancelled seeing, contrast 
01:15 " " " " " 
Apr. 15 105 20:00 22:30 " 4-6 " " " 
106 01:30 256/4 16/4 " 3 
164/0 0/0 " " 
Apr. 16 106 20:00 23:00 clouds cancelled clouds 
107 02:00 " 4-5 " " seeing 
Apr. 17 107 21:00 03:00 " " " Apr. 18 108 22:00 cancelled wind 
109 01:00 04:00 clear 6-8 " " seeing 
Apr. 19 109-110 23:00 02:00 clouds cancelled clouds 
20 110 05:00 127/3 12/3 clear 3-4 
239/0 10/0 " " 
Apr. 20 111 00:00 139/3 12/3 " 3-5 poor contrast 
03:00 185/3 22/3 " 2 
140/0 8/0 " " 
95/2 20/2 " " 
Apr. 21 111 06:00 243/3 26/3 " " 
Apr. 21 112 00:30 clouds cancelled clouds 
03:30 74/3 10/3 cirrus 3 stopped by humidity 100% 
06:00 170/3 11/3 clear 3-4 
399/2 9/2 " " 
Apr. 22 113 01:30-07:30 clouds cancelled clouds 
Apr. 23 114 02:30 78/3 11/3 clear 3 
05:30 27/3 14/3 clear 1-2 
301/0 0/0 " " 
08:30 96/3 10/3 " 2 
93/2 11/2 " " 
Apr. 25 115 03:30 06:30 cancelled 
09:40 86/3 10/3 cirrus 2-3 
223/0 0/0 hv. cirrus " 
Apr. 26 116 04:00-10:00 clouds cancelled clouds 
Apr. 27 117 05:00-11:00 " " " 
Apr. 28 118 06:00-11:30 clear 7-10 cancelled seeing 
Apr. 29 119 07:00 143/3 9/3 It. cirrus 3-4 
10:00 284/3 12/3 " " 3 
STATION LOG APRIL 1975 
DATE DAY (GMT) TIME NO. OF SHOTS RETURNS WEATHER SEEING COMMENTS 
Apr. 20 119 12:30 48/3 9/3 clear 3 
153/2 10/2 " " 
253/0 9/0 " " 
Apr. 30 120 08:00 46/3 9/3 " " 
11:30 clouds 6-8 cancelled seeing, clouds 
13:30 clear " " " 
May 1 121 09:00 93/3 12/3 " 2-3 Ga tube, no 454, disc=5.0 
187/2 2/2 " " V=1900 no Kls 
96/3 16/3 " " 
12:00 163/3 11/3 " 3-4 disc=3.0 
172/3 11/3 " " 
14:10 235/3 3/3 " " 
May 2 122 09:30 clouds cancelled clouds 
12:30 138/11 11/3 clear 3-4 
290/4 13/4 " 4-5 
14:00 156/3 5/3 " " 31000F Int=5 G=2 disc=5.0 
V=3000 
May 3 123 10:30 96/3 10/3 " 4 
225/2 8/2 " " 
13:00 137/3 11/3 " 3 
192/4 11/4 " " 
15:00 109/3 12/3 " " 
May 4 124 11:00 clouds cancelled clouds 
13:30 " " " 
DATE DAY (GMT) 
May 4 124 
May 5 125 
May 6 126 
STATION LOG APRIL 1975 
TIME NO. OF SHOTS 
14:15 
11:30 
13:30 
15:30 
12:30 
14:30-16:30 
ATTEMPTS 
28/3 
3/4 
6/0 
7/2 
387/2 
277/3 
266/3 
376/3 
142/3 
RETURNS WEATHER SEEING 
0/2 clear 3-4 
9/3 " " 
9/3 " 4-5 
6/3 " " 
3/3 " " 
" 8-10 
SUCCESSFUL MEASUREMENTS 
28/3 
3/4 
3/0 
6/2 
COMMENTS 
poor contrast 
stopped by poor contrast 
cancelled seeing 
cancelled telescope work 
STATION LOG MAY 1975 
DATE DAY (GMT) TIME NO. OF SHOTS RETURNS WEATHER SEEING COMMENTS 
May 14 134 19:30 clear 5-7 canc. seeing (poor contrast) 
23:00 370/4 0/4 " 3-4 
May 15 135 21:00 canc. power failure 
May 16 136 21:00 clouds cancelled 
137 00:00 200/0 10/0 clear 3-5 windy 
03:00 cloudy cancelled 
May 17 137-138 22:00-01:00 clouds cancelled 
138 03:30 257/3 3/3 ptly c1ds. 4-5 
May 18 138 22:30 clear cancelled by FAA 
139 01:30-04:30 clear cancelled by FAA 
May 19 139 23:30 cloudy cancelled 
140 02:30-05:30 " " 
May 20 141 00:15 94/3 11/3 clear 3 
02:00 94/3 9/3 " " 
287/1 3/1 " " 
06:00 286/3 9/3 " 4-5 
May 21 142 01:15 191/3 21/3 " 4-3 
175/2 0/2 " 3 
93/3 10/3 " 3 
142 05:00 5-7 cancelled seeing 
May 22 143 01:30 63/3 10/3 Ptly.c1dy. 3-4 
73/0 3/0 " 11 11 stopped blown flash1amp #3 
05:30 " " 6-8 canc. seeing c1ds. 
May 23 144 02:30 cloudy cancelled 
06:30 " " 
May 24 145 04:00 224/3 10/3 clear 3 
110/0 0/0 " " stopped by lunar eclipse 
May 25 145 08:25 285/3 12/3 " " 
May 26 146 05:00 142/3 11/3 " 3-4 
319/0 8/0 " " 
07:00 131/3 10/3 " 3 
460/2 0/2 " " 
291/3 5/3 clear 4 
May 27 147 06:30 clear power failure clock stopped 
11:00 pt1y.cldy. 6-8 cancelled seeing 
May 28 148 08:30 cloudy cancelled 
12:00 282/3 12/3 clear 4-5 
DATE DAY (GMT) 
May 29 149 
May 30 150 
May 31 151 
June 1 152 
June 2 153 
June 3 154 
June 4 155 
June 5 156 
June 6 157 
TIME 
09:00 
13:00 
09:00-15:00 
09:30 
12:00 
14:00 
09:30 
12:00 
14:00 
10:30 
13:00 
15:00 
11:00 
13:00 
15:00 
11:30 
14:30 
16:30 
11:30 
14:30 
16:00 
12:15 
14:00 
ATTEMPTS 
4/0 
1/1 
7/2 
26/3 
4/4 
STATION LOG MAY 1975 
NO. OF SHOTS RETURNS WEATHER SEEING 
cloudy 
clear 6-8 
cloudy 
97/3 10/3 clear 3-5 
193/4 8/4 " 4-5 
431/3 12/3 " 4-5 
287/3 7/3 " " 
136/3 10/3 " 3-4 
126/4 11/4 " " 
290/2 7/2 " " 
147/3 10/3 " " 
130/3 20/3 " " 
228/2 9/2 " 3-4 
272/3 11/3 clear 
94/4 10/4 " " 
96/2 10/2 " 3 
281/2 4/2 " 3-4 
362/3 7/3 " 4-6 
321/~ 7/3 " 4-5 
345/3 4/3 " " 
clear 5-7 
348/3 9/3 " 3-4 
clear 
317/2 7/2 " 2-3 
95/3 10/3 " " 
228/3 0/3 cirrus 3 
cloudy 
clouds 
cirrus 
SUCCESSFUL MEASUREMENTS 
3/0 
1/1 
5/2 
25/3 
3/4 
COMMENTS 
cancelled 
cancelled seeing contrast 
cancelled 
image motion 
stopped seeing contrast 
visitors 
cancelled seeing 
trouble with 1.2@ filter 
cancelled contrast 
compo off of Hermann 
light to heavy cirrus 
cancelled clouds 
cancelled 
cancelled cirrus contrast 
APPENDIX B 
The Lunar Laser Calibration Data 
from 
16 February, 1975 to 6 June, 1975 
APPENDIX B 
System Calibration Data 
The following pages contain the calibration constants 
for the quarterly period covered by the present report. The 
categories A-D are explained below. 
A. This column contains the uncorrected calibration 
constant for the entire lunar laser ranging system as measured 
by the light emitting diode. Due to differing cable lengths 
for the calibration system, this value is approximately 30 
nanoseconds higher than the actual system calibration value. 
It is, however, an accurate measure of the relative shift in 
the calibration value on a day-to-day basis. 
B. This column shows the results of calibrating only 
the relative delays between the photodiode and photomultiplier 
sides of the ranging system using a separate time-to-pulse-
height converter and a pulse-height analyser. When available 
the column also gives a letter code indicating the single shot 
uncertainty for any given night. The single shot uncertainty 
is keyed to the following code: A = ~0.4 nanoseconds; B = +.5 
nanoseconds; C = ~0.6 nanoseconds; D = ~0.7 nanoseconds; E = 
+.8 nanoseconds; F = +1.0 nanoseconds; G = +1.2 nanoseconds; 
H = +1.4 nanoseconds; I = +1.7 nanoseconds; J = +2.0 nanoseconds; 
K = +2.4 nanoseconds; L = +2.9 nanoseconds; M = +3.5 nanoseconds; 
N = +4.2 nanoseconds. The absence of a letter will indicate 
the single shot uncertainty of J. 
C. This column gives the arithmetic mean of the feed-
back calibration return through the entire lunar ranging sys-
tem as recorded during the actual lunar ranging by the system 
teletype. 
D. This column shows the results of adding either the 
13.9 or -2.9 nanosecond geometric corrections to column C. 
The units have been changed to tenths of nanoseconds and a 
minus sign added to coincide with how this additive constant 
appears on the preliminary data cards. Letters A,B,C,D, follow 
the corrected calibration constant to indicate the relative 
accuracy of the calibration where: A = +200 picoseconds; B = 
~400 picoseconds; C = ~600 picoseconds; D = +1000 picoseconds; 
and E = 1.0-1.5 nanoseconds. 
CALIB. FEB. MARCH 1975 
YD A B C D 
31~34 
V=1800 
Disc.=9.5 
Int.=10 
G=2 
47 
48 30.3 
49 
50 26.5 
51 30.6 340C 
31000F 
V=3000 
Disc.=4.20 
Int.=10 
: G=2 
52 
I 53 26.9 
54 L 20.5C -344C 
31000F 
Disc.=4.80 
Int.=10 
G=2 
56 25.1 L 18.5C -324C 
57 24.5 L 18.0C -319C 
58 23.4 
59 23.2 L 19.4C -333C 
60 23.6 L 19.6C -335C 
61 I 19.7B -336B 
62 22.9 L 19.2C -331C 
63 22.6 
64 22.1 L 19.5C -334C 
65 22.3 L 334C 
31000F 
Disc.=5.0 
Int.=10 
G=2 
V=3000 
66 
67 22.4 
CALIB. MARCH APRIL 1975 
YD A B C D 
31000F 
V=3000 
Disc.=S.O 
Int.=10 
G=2 
78 J 17.9A -318A 
79 22.1 -318B 
80 20.8 I 17.9A -318A 
81 22.3 -318B 
82 21.0 - 318B 
83 20.4 
84 22.7 K 17 . SA -314A 
85 22.4 K 17.8B -317B 
86 22.6 -315B 
87 22.6 J 17.6A -315A 
88 22.9 
89 21.4 
90 22.1 J 18.1A -320A 
91 22. 2 -320B 
92 23.0 
93 24.0 -320B 
94 22.0 
95 23.0 
31000F CALIB. APRIL MAY 1975 
V=3000 
Disc.=5.0 
Int.=10 
G=2 
YD A B C D 
105 22.2 
106 22.0 J 17.1A -31oA 
107 
lOB 22.5 
109 
110 I 17.4A -314A 
III 22.4 L 1B.1A -320A 
112 22.3 J 1B.OA -319A 
113 
114 22.1 I 1B.1A -320A 
115 22.6 I -320B 
116 
. 117 22.B 
lIB 23.0 
119 22.6 I 17.0A -309A 
120 21.8 I -309B 
31034 
No 454 
I Disc.=5.0 
V=1900 
121 25.4 J -3340 
31034 
No 454 
Disc.=3.0 
V=1900 
121 2nd & 3rd 24.4 J -334D 
run 
122 2'2.6 J -334D 
31000F 
V=3000 
Disc.=5.0 
Int.=10 
G=2 
122 3rd run 2B.2 I -377C 
123 29. 2 I -277C 
124 25.2 I 23.BB -377B 
125 I 24.3B -3B2B 
YD A 
31000F 
V=3000 
Disc.=5.0 
Int.=10 
G=2 
134 29.1 
135 
136 
137 28.1 
138 28.5 
139 28.1 
140 
141 29.0 
142 28.5 
143 28.9 
144 28.9 
145 28.7 
146 28.6 
147 Power 
148 25.4 
149 
150 24.9 
151 25.2 
152 25.7 
153 26.2 
154 25.3 
155 
156 25.2 
CALIB. MAY JUNE 1975 
B 
J 
I 
K 
K 
K 
K 
J 
J 
failure clock stopped 
I 
K 
J 
J 
I 
I 
J 
C D 
2400B -379B 
23.7B -376B 
24.5A -384B 
24.0A -379A 
24.0A -379A 
24.0B -379A 
24.7C -386C 
42.1A -380A 
-380B 
23.2A -371A 
22.9A -368A 
23.5A -374A 
32.2A -371A 
23.1A -370A 
23.2B -371A 
23.2A -371A 
